Interleukin-4 inhibits tumor necrosis factor-alpha-induced and spontaneous apoptosis of biomaterial-adherent macrophages.
Biocompatibility of implanted materials is determined by the host foreign-body response, which is comprised of cellular (adherent monocytes and macrophages) and soluble (secreted cytokines) components. Modulating the presence, activity or both of adherent macrophages may increase or decrease the biocompatibility of implants because these cells remain adherent to the implant surface and fuse to form foreign-body giant cells (FBGCs), leading to failure of the implant. An attractive mechanism of eliminating these cells is through the induction of apoptosis; therefore ways of inducing or inhibiting apoptosis of biomaterial-adherent inflammatory cells are being investigated. We hypothesized that interleukin-4 (IL-4) promotes macrophage survival by inhibiting tumor necrosis factor-alpha (TNF-alpha)-induced apoptosis. We found that TNF-alpha induces apoptosis in a time- and dose-dependent manner, whereas IL-4 inhibits TNF-alpha-induced and spontaneous apoptosis of biomaterial-adherent macrophages. Blocking experiments and evaluation of shedding of soluble TNF receptor type I (TNF-RI) demonstrated that endogenous TNF-alpha production is responsible for spontaneous apoptosis of biomaterial-adherent cells and that IL-4 inhibits this apoptosis by increasing levels of shedding of soluble TNF-RI. These findings suggest that TNF-alpha and IL-4 play key roles in determining the fate of biomaterial-adherent cells and that fusion of macrophages into FBGCs is a mechanism for promoting inflammatory-cell survival on implanted materials.